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Perla Merceologra

Ambiente, Innovazione e Sostenibilita sono alla base e il fulcro di una transizione
sempre piu evidente che delinea il passaggio da un'economia basata su un modello
lineare ad una nuova economia fondata su un modello circolare, di creazione di valore
che prevede sistemi, infrastrutture, modelli economici e tecnologie orientate verso lo
sviluppo di organizzazioni sicure, etiche e sostenibili.

I XXVIII Congresso di Merceologia, che si terra a Firenze dal 21 al 23 Febbraio 2018,
vuole essere un'occasione di confronto, studio e condivisione di percorsi di sviluppo su
tematiche quali ambiente, sostenibilita, sicurezza, innovazione e qualita che stanno
sempre pit influenzando il sistema produttivo.

La Merceologia, declinata in chiave moderna, & una Scienza di indirizzo applicato che
studia la natura, le proprieta, la qualita, la destinazione, la conservazione, le tecniche di
imballaggio, la commerciabilita di qualsiasi tipo di merce (da merce e il suffisso, dal ar.
Aoyog, comune nei nomi di scienze; ted. Warenkunde). - E, con definizione
generalissima, lo studio delle merci in quanto pud interessare Ilndustrla e il commercio.
E una disciplina a sé nel gruppo delle commerciali ed economiche, ma in stretto
rapporto con le chimiche, fisiche, naturali e tecnologiche. La figura del merceologo &
quindi  altamente interdisciplinare, dovra essere fondamentalmente un
chimico/tecnologo, con vasta cultura naturalistica e tecnologica e con adeguata cultura
geografica, statistica ed economica o un economista/economista ambientale con ampia
conoscenza dei processi produttivi, della sostenibilita della produzione e di tutte le
problematiche legate all'impatto ambientale e tutela della salute umana.

Il vero concetto di merce dovrebbe scaturire da una sorgente piti ampia che va dalle scienze
naturalistiche nel piti lato senso intese, a quelle geografiche, economiche, chimiche.

(Roberto Salvadori, 1925)



TOPICS OF AISME 2018
ENERGIA, AMBIENTE & SOSTENIBILITA
e Modelli di economia circolare e simbiosi industriale,
e Valorizzazione e tutela della biodiversita
¢ Life Cycle Thinking e relativi strumenti (LCA, LCC, S-LCA, LCSA),
e Efficientamento e diagnosi energetica,
e Responsabilita sociale di impresa ed etica di produzione,

QUALITA, INNOVAZIONE E TECNOLOGIA
* Qualita e Innovazione di prodotto e servizio, soddisfazione e tutela del consumatore,
e Sistemi di gestione ambientale, Sistemi di gestione integrata e certificazioni,
¢ Tecnologie avanzate per I'energia e I'industria, Trasferimento tecnologico: start-up e
spin-off; R&S e tecnologie innovative,
* Innovazione e nuove tecnologie per I'informazione e la comunicazione IT e ICT,
* Nuovi modelli tecnologici: sharing economy, open innovation, added manufacturing

MATERIE PRIME E CARATTERIZZAZIONE DELLE MERCI
e Caratterizzazione delle merci e nuove materie prime,
* Novel food, nutraceutica, qualita e sicurezza nel settore alimentare,
® Metodi di analisi per la valutazione della qualita agroalimentare e di filiera,
e Metodianalitici per il controllo ambientale



TOPIC 1 - ENERGIA, AMBIENTE & SOSTENIBILITA

Modelli di economia circolare e simbiosi industriale. Valorizzazione e tutela della biodiversita. Life Cycle
Thinking e relativi strumenti (LCA, LCC, S-LCA, LCSA). Efficientamento e diagnosi energetica.
Responsabilita sociale di impresa ed etica di produzione.

Comunicazioni Orali

O1. INNOVATIVE GREEN ACTIVE COMPOST FROM PRUNING AND URBAN SOLID WASTE,
Vona T., p.2

O2. THE INTEREST OF ITALIAN ORGANIZATIONS IN THE LIFE CYCLE THINKING TOOLS.
Mazzi A., Aguiari F., Scipioni A p. 7

03. LA RIDUZIONE DELLA CARBON FOOTPRINT DEGLI IMBALLAGGI NEL SETTORE
CROCIERISTICO. Paiano A., Crovella T., Lagioia G. p.14

O4. HEATING ENERGY CONSUMPTION ESTIMATE FOR THE SCHOOL OF MANAGEMENT AND
ECONOMICS (UNITO) IN VIEW OF A CARBON FOOTPRINT CALCULATION. Mazzega-Ciamp F.
Vesce E., Beltramo R. p.21

>

O5. DIAGNOSI ENERGETICA DEI SITI DI TRATTAMENTO RIFIUTI DELLA CISA SPA,
MASSAFRA, TARANTO. Notarnicola B., Tassielli G., Renzulli P.A, Fedele G., Minutello L. p-29

06. SIMBIOSI INDUSTRIALE PER IL RECUPERO E IL RIUTILIZZO DI CASCAMI ENERGETICI: UN
MODELLO DI RIFERIMENTO. Arcese G., Notarnicola B., Tassielli G.,Renzulli P.A.,, Di Capua R.  p.35

O7. SISTEMI DI GESTIONE AMBIENTALE PER LIMPLEMENTAZIONE DELLECONOMIA
CIRCOLARE: ANALISI DELLE AZIENDE DI MANIFATTURA DEL METALLO REGISTRATE
EMAS. Merli R., Preziosi M., Acampora A., Sandonnini G., D’ Amico M. p.4l1

0O8. SPRECHI ALIMENTARI E RIFIUTI (FLW) E LORO USI SEGUENDO IL PARADIGMA DELL’
ECONOMIA CIRCOLARE. Fiume P., Pasini M., Belcaro M.F., Ciani Scarnicci M. p.47

09. AN INTEGRATED APPROACH OF GREEN CHEMISTRY AND CIRCULAR ECONOMY FOR
THE VALORIZATION OF AGRO-INDUSTRIAL BY-PRODUCTS. Bernini R., Santi L., Pannucci E.,
Clemente M., Campo M., Scardigli A., Romani, A. p.55

O10. DEFINIZIONE DEI CRITERI DELLA FUNCTIONAL UNIT NELL'LCA E NELLA SOCIAL LCA:
SPUNTI DI DISCUSSIONE. D’Eusanio M., Arzoumanidis ., Raggi A., Petti L. p.6l

O11. ENVIRONMENTAL IMPACTS OF A CHARGING STATION FOR ELECTRIC BICYCLE USING
LIFE CYCLE ASSESSMENT. Mondello G., Salomone R., Giuttari L., Saija G. , loppolo G., Lanuzza F.p.67

O12. LE OPPORTUNITA DELL’ECONOMIA CIRCOLARE: IL. RECUPERO DEGLI SCARTI DI
LAVORAZIONE DEGLI AGRUMI. Masotti P., Tilola C., Campisi B., Bogoni P. p.73

O13. APPLICATION OF INDUSTRIAL SYMBIOSIS PRINCIPLES TO SICILIAN CITRUS CHAIN: A
TECHNICAL AND ECONOMIC ANALYSIS IN A COMPOST PLANT. Matarazzo A., Marinelli M.,

Gambera V., Camuglia A., Zerbo A. p.79
Ol14. ECO-GESTIONE DELLE FILIERE AGRICOLE E TURISTICHE IN TERRITORI MARGINALI DI
MONTAGNA. Duglio S., Lombardi G., Zavattaro L., Peira G., Bonadonna A. p.86

0O15. ECONOMIA CIRCOLARE E SOSTENIBILITA NEL SETTORE LEGNO E USO DEI PRINCIPI
ATTIVI NATURALL IL. CASO GRUPPO MAURO SAVIOLA, Cesare Fazzini, Gruppo Mauro Saviola
Srl p.94



Poster

Pl. DALL’ACQUA ENERGIA PULITA PER IL FUTURO. LA CENTRALE IDROELETTRICA DI
TORLANO. Geatti P, Novelli V.. Ceccon L., Maset V. p.99

P2. LA CARBON FOOTPRINT IMPLEMENTATA DA MASCHIO GASPARDO. Novelli V., Geatti P.,
Ceccon L., Pupulin S. p.105

P3. RECOVERY OF SECONDARY RAW MATERIALS BY TREVIMETAL FOR A CIRCULAR
ECONOMY IN THE PERSPECTIVE OF SUSTAINABLE DEVELOPMENT. Novelli V., Geatti P., Ceccon
L., Martina A. p.112

P4. THE CROP WATER REQUIREMENT INDICATOR FOR A SUSTAINABILITY MANAGEMENT IN
AGRICULTURE. Casolani N., Liberatore L. pll19

PS. IMPLEMENTATION OF THE SUSTAINABLE MOBILITY: THE CASE STUDY OF UNIVERSITY
OF FOGGIA. Rana R., Giungato P. p-125

P6. SIMBIOSI INDUSTRIALE IN PROVINCIA DI TARANTO: L'AGGIORNAMENTO DELL ANALISI
ECONOMICA ED AMBIENTALE DEL DISTRETTO PRODUTTIVO. Notarnicola B., Tassielli G.,
Renzulli P.A., Arcese G., Di Capua R. p.131

P7. LIFE CYCLE INVENTORY PARZIALE DI UN'AZIENDA POLISETTORIALE DELLA
PROVINCIA DI TARANTO Al FINI DELLA REDAZIONE DI UNA ORGANIZATION
ENVIRONMENTAL FOOTPRINT. Notarnicola B., Tassielli G., Renzulli P.A., Lasigna F., Leone G., Di
Capua R. p.138

P8. PROGETTAZIONE DI UN TOOL-BOX DELLA SOSTENIBILITA PER UN'AZIENDA DI
TRATTAMENTO DEIRIFIUTL: LA CISA SPA DI MASSAFRA, TARANTO. Tassielli G., Notarnicola B.,
Renzulli P.A., Arcese G., Di Capua R., Minutello L., Fedele G. p.145

P9. UNA REVIEW DEGLI STUDI DI LCA APPLICATA ALLA PRODUZIONE DI GRANO. Masini S.,
Tassielli G., Notarnicola B., Renzulli P.A. p.151

P10. HYDROGEN PRODUCTION PLANT SUSTAINABILITY. Gallucci T., Amicarelli V., Lagioia G.,
Piccinno P., Lacalamita A. p.157

P11. PRODUZIONE IDROPONICA DI POMODORO: INNOVAZIONE ED EFFICIENZA PER UNO
SVILUPPO SOSTENIBILE. CASO STUDIO DI UN'AZIENDA AGRICOLA. D*Ascenzo F., Musarra M.,
Vieri S., Vinci G. p.162

P12, POLI D'INNOVAZIONE COME POTENZIALI CONTESTI DI SIMBIOSI INDUSTRIALE. IL
CASO DELLA REGIONE ABRUZZO. Simboli A., Taddeo R., Morgante A. p.168

P13. NEEDS ANALYSIS OF MICRO-ENTERPRISES MANAGED BY WOMEN WITH DISABILITIES
IN GAZA STRIP. Nitti C., Ferrannini A., Borsacchi L. p.174

P14. RECUPERO DI UNO SCARTO DELLE PRIME FASI DEL CICLO TRASFORMAZIONE DELLA
LANA. Baronti S., Camilli F., Ugolini F., Maienza A., Galli G. p.180

PI5. SUSTAINABILITY AND CSR AT UNIVERSITIES: UNIVERSITIES OF MALTA CASE STUDY.
Esposito A., Briguglio M., Vinci G. p.185

P16. STRESS CLIMATICO E CONTENUTO POLIFENOLICO TN PIANTE DI OLIVO BIANCHERA.
Calabretti A., Campisi B., Bogoni P., Masotti P. p.191

P17. SEAWATER CULTIVATED SPINACH: EFFECT OF BOILING AND STEAMING ON TOTAL
PHENOLIC, SODIUM AND POTASSIUM CONTENT. Pandolfi C., Caparrotta S., Diamanti 1., Azzarello
E.. Masi E., Mancuso S. p.197



P18. BARILS: SISTEMA PER L'INTRODUZIONE DI MODELLI INNOVATIVI DI VITICOLTURA
CIRCOLARE, PER PRODUZIONI DI QUALITA® TRACCIATE, TERRITORIALI E SOSTENIBILI.
Beltramo R., Romani A., Cantore P. p-203

TOPIC 2 - QUALITA, INNOVAZIONE E TECNOLOGIA

Qualita e Innovazione di prodotto e servizio, soddisfazione e tutela del consumatore. Sistemi di gestione
ambientale. Sistemi di gestione integrata e certificazioni. Tecnologie avanzate per I'energia e I'industria.
Trasferimento tecnologico: start-up e spin-off; R&S e tecnologie innovative. Innovazione e nuove tecnologie
per I'informazione e la comunicazione IT e ICT. Nuovi modelli tecnologici: sharing economy, open
innovation, added manufacturing.

Comunicazioni Orali

O16. CLUSTER CHICO E PIATTAFORMA INNOVATIVA SYNERGY. Pisano S. p.208
O17. CONSUMER ATTITUDES IN THE ERA OF ADDITIVE MANUFACTURING: THE MOVE TO A
PROSUMER SOCIETY. Bravi L., Murmura F. p.212

O18. SHAPING NEW CONSUMER PATTERNS THROUGH EDUTAINMENT AND GAMIFICATION-
AN EMPIRICAL ANALYSIS AMONG ITALIAN STUDENTS. D"Ascenzo F., Rocchi A., Rossetti F.p.219

0O19. THE CORPORATE SOCIAL RESPONSIBILITY IN THE ITALIAN AGRI-FOOD SECTOR.
Malandrino O., Supino S., Sica D. p.230

020. THE PERCEPTION OF FUNCTIONAL FOODS IN ITALIAN YOUNG. Liberatore L., Murmura F.,
Casolani N., Waguri E. p.236

O21. PROBLEMATICHE CONNESSE ALL'USO DI SOSTANZE AGGIUNTIVE NEL PANE. Massari S.,
Pastore S., Ruberti M. p.242

022, THE B-CORP CERTIFICATION AS A STANDARD OF THE ENTREPRENEURIAL PATHWAY
TOWARDS THE CIRCULAR ECONOMY PERSPECTIVE. Ruggieri A., Mosconi E.M., Poponi S. p.247

023. LA DISPONIBILITA A PAGARE PER IL MADE IN ITALY. UNA RICERCA EMPIRICA SU
ALCUNI PRODOTTI NEL SETTORE ALIMENTARE. Cappelli L., D"Ascenzo F., Arezzo M.F., Ruggieri
R., Rossetti F. p.256

024. ETICHETTATURA ECOLOGICA NEGLI STABILIMENTI BALNEARI: IDENTIFICAZIONE
DELLA DIMENSIONE AMBIENTALE DEL SERVIZIO E CARATTERIZZAZIONE DELLE
PERCEZIONI DEI CLIENTI CON L'ANALISI IMPORTANCE-PERFORMANCE. Acampora A., Preziosi
M., Merli R. p.263

025. EU-ECOLABEL IN THE TOURISM HOSPITALITY INDUSTRY: AN EMPIRICAL ANALYSIS
ON GUEST PERCEPTIONS. Preziosi M., Balata G., Merli R., Tola A. p.269

026. CONSERVAZIONE ECOSOSTENIBILE DELLE DERRATE: UTILIZZO DELL'ATMOSFERA
CONTROLLATA DI AZOTO CONTRO INSETTI INFESTANTI E FUNGHI MICOTOSSIGENT DEI
CEREALIL Moncini L., Sarrocco S., Pachetti G., Moretti A., Haidukowski M., Vannacci G. p.275

027. POLYAMINE CONTENT IN OVINE AND CAPRINE MILK PRODUCED IN SARDINIA. Manca
G.,Ru A., Cordeddu F. p.281

028, GLUTEN-FRIENDLY™: A NEW PARADIGM IN THE DIETARY TREATMENT OF CELIAC
DISEASE AND MORE. Lamacchia, C., Petruzzi, L., Tricarico, M., Decina, 1., Musaico, D., Landriscina, L.,
Decillis, A., Tarricone, R. p.286



Poster
P19. THE DIGITAL GENDER GAP. Carelli A., Papetti P. p.293

P20. I SISTEMI DI GESTIONE INTEGRATI: UNO STRUMENTO PER IL PERSEGUIMENTO DELLA
SOSTENIBILITA AZIENDALE, ALLA LUCE DELLA PROSSIMA PUBBLICAZIONE DELLA NORMA
[SO 45001. Ghi A, JirilloR. p.301

P21. NUOVI PROCESSI DI INNOVAZIONE E DI RIORGANIZZAZIONE PER UNA PUBBLICA
AMMINISTRAZIONE TRASPARENTE ED EFFICIENTE. UNA ANALISI DELLA SITUAZIONE
EUROPEA ED ITALIANA. Rocchi A., Martucei O, p.307

P22. RICONOSCERE E CERTIFICARE LE COMPETENZE: L'ONTOLOGY-BASED MODEL
NELL’AMBITO DELLA RESPONSABILITA SOCIALE D IMPRESA. Malandrino O., Supino S., Sessa
M.R. p.313

P23, IL MIGLIORAMENTO COME FATTORE PROPULSIVO DELLA QUAL[TA NELLA REALTA
ORGANIZZATIVA DI PRODUZIONE. UNA REVIEW DEGLI STRUMENTI STRATEGICI E DELLE
METODOLOGIE. Tacente A., Tassielli G., Notarnicola B., Renzulli P.A. p.320

P24. CORPORATE CITIZENSHIP IN PRATO TEXTILE ORGANISATIONS: DESIGN AND
EXPERIMENTATION OF THE “RESPONSIBLE BUSINESS TEXTILE” LABEL. Borsacchi L., Biggeri
M., Ferrannini A. p.326

P25, NEW TRENDS IN THE COFFEE CONSUMPTION ASSESSMENT: ORGANOLEPTIC
CHARACTERISTICS AND CHEMICAL ANALYSIS EVALUATED THROUGH A CHOICE
EXPERIMENT. Pinelli P., Nikiforova N.D., Berni R. p.333

P26. IL SOCIAL COMMERCE: STRUMENTO INNOVATIVO DEL CONSUMATORE MODERNO.
Amendola C., Di Lorenzo A. p.339

P27. CONCENTRATED SOLAR POWER (CSP) VERSO LA GRID PARITY: ANALISI E PREVISIONI
AL 2050. Campana P. p.346

P28. IL RUOLO DELLE ISTITUZIONI PER LA DIFFUSIONE DI UNA CULTURA DELLA MOBILITA
SOSTENIBILE: LE INIZIATIVE DELL UNIVERSITA ROMATRE. Martucci O., Arcese G., Montauti C.

p.353
P29. SISTEMA DI GESTIONE QUALITA E PERFORMANCE ORGANIZZATIVE: DALLA TEORIA
ALLA PRATICA. Di Pietro L., Guglielmetti Mugion R., Renzi M.F, Toni M.; Pasca M.G. p.359

P30. AGRICOLTURA DI PRECISIONE E INDUSTRIA 4.0; POSSIBILI INTEGRAZIONI E SVILUPPI
TECNOLOGICI Trivelli L., Chiarello F., Apicella A., Fantoni G., Tarabella A. p.366

P31. ELABORAZIONE DI UN PROTOCOLLO DI CASEIFICAZIONE CON CAGLIO VEGETALE PER
LA PRODUZIONE DI FORMAGGI DI BUFALA CASEIFICATI IN VERDE E ARRICCHITI DI
ANTIOSSIDANTI NATURALL, Zottola T., Campagna M.C., Scardigli A., Vita C., Romani A. p.372

TOPIC 3 - MATERIE PRIME E CARATTERIZZAZIONE DELLE MERCI

Caratterizzazione delle merci e nuove materie prime. Novel food. nutraceutica. qualita e sicurezza nel settore
alimentare. Metodi di analisi per la valutazione della qualita agroalimentare e di filiera. Metodi analitici per
il controllo ambientale.

Comunicazioni Orali



029. ALIMENTI FUNZIONALI DA CIOCCOLATO CRUDO E MATERIE PRIME BIOLOGICHE
TRACCIATE. Sergio G., Urciuoli S., Belcaro MF, Romani A. p.379

030. RECUPERO DI SCARTI DI VINIFICAZIONE PER L'ESTRAZIONE E VEICOLAZIONE DI
COMPOSTI BIOATTIVI DA UTILIZZARE COME INGREDIENTI ALIMENTARI. Fiore F., Spizzirmi
U.G., Aiello F., Carullo G., Cione E., Loizzo M.R.. Pellicand T.M., Restuccia D. p.384

031. CHARACTERIZATION OF CRAFT BEER THROUGH FLAVOUR COMPONENT ANALYSIS BY
GC-MS AND MULTIVARIATE STATISTICAL TOOLS. Giannetti V., Boccacei Mariani M., Torrelli P.

p.391
032, CARATTERIZZAZIONE CHEMIOMETRICA DI COMPOSTI BIOATTIVI NELLE NUOVE
CULTIVARS DI POMODORI DEL LAZIO: BAMANO, DOLCE MIELE E CONFETTINO ROSSO. Rapa
M., Ciano S., Mannina L., Vinci G. p.398

033. COCOA PROCESS MARKERS: THE EFFECT OF TEMPERATURE ON POLYPHENOL AND
BIOGENIC AMINE PROFILES. Spizzirri U.G., Campo M., eri F., Restuccia D.. Romani A. p-401

034, UNA FINESTRA SUGLI INTEGRATORI ALIMENTARI IN ITALIA: SVILUPPO DI UN
DATABASE DEDICATO. Durazzo A., Camilli E.. D"Addezio L.. Piccinelli R.. Lisciani S.. Marletta L..
Turrini A., Sette S. p.408

035. FILIERA DELLA CANAPA INDUSTRIALE (Cannabis sativa L.): SFIDE E NUOVE
OPPORTUNITA. Ciano S., Rapa M., Musarra M., D'Ascenzo F., Vinci G. p.412

036. TRADITION AND TERRITORY: THE STREET FOOD AS A TOOL FOR PROMOTING AND
ENHANCING TOURISM. Lo Giudice A., Alfiero S., Bonadonna A., Cane M. p-419

037. QUALITY BETWEEN TERRITORY, TRADITION AND INNOVATION: AN ANALYSIS ON
PDO-PGI AMENDMENTS. THE CASE OF CHEESES. Quifiones-Ruiz X., Penker M., Belletti Gy
Marescotti M., Forster H., Scaramuzzi S., Broscha K. p-426

0O38. NATURAL ADDITIVES AS SUBSTITUTES OF NITRATE AND NITRITE IN DRY-CURED PIG
PRODUCTS: PRELIMINARY RESULTS. Aquilani C., Sirtori F., Parrini S., Bozzi R., Pugliese C. p.432

039. A PERSPECTIVE ON THE POTENTIAL HEALTH RISK OF ARSENIC VIA DIETARY INTAKE
OF RADISH AND LETTUCE FROM LATIUM. Spognard: S., Bravo 1., Carella A., Papetti P., Beni C,

p.436
040. CONFRONTO DELLE PROPRIETA ANTIOSSIDANTI IN ALIMENTI DA AGRICOLTURA
BIOLOGICA E CONVENZIONALE. Calabretti A., Calabrese M. p.443

Poster

P32. INFESTAZIONI ENTOMATICHE DELLA PASTA ALIMENTARE CONFEZIONATA: UN
PROBLEMA SEMPRE ATTUALE. De Clemente .M., Palumbo G. p.450

P33. TANNINI IDROLIZZABILI DA SCARTI DELLA LAVORAZIONE DEL CASTAGNO:
CARATTERIZZAZIONE CHIMICA E VALUTAZIONE [N FITRO DELL'ATTIVITA INIBITORIA
VERSO FUNGHI FITOPATOGENIL Simone G., Moncini L., Bernini R., Campo M., Romani A. p-436

P34. PROPOSTA DI UN MODELLO DI SITO WEB PER LA VALORIZZAZIONE E LA
COMUNICAZIONE DELLE CARNI FRESCHE BOVINE AD INDICAZIONE GEOGRAFICA. Varese E.,
Peira G. p-462

P35. VALUTAZIONE DI COMPONENTI BIOATTIVI IN MATRICI ALIMENTARI COMPLESSE E
PREPARAZIONI ALIMENTARI: APPROCCIO METODOLOGICO. Durazzo A., Lisciani S., Gabrielli P.,
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ABSTRACT

The Commodity Science section of the Department of Management (University of Turin) has decided, in
2016. to partecipate in the Clim’Foot project, funded by the LIFE programme dedicated to the promotion of
environmental protection initiatives. This project is aimed at the measurement of organizations carbon
footprint, and the research team of the Department considered the application of the School of Management
and Economics to this purpose to be an interesting opportunity. Following what recommended by the GHG
Protocol, the research team has therefore begun to gather the necessary data in order to build the emissions
inventory, among which there are those about the energy consumption of the organisation, In doing this the
team has soon struggled with the lack of information about the heating consumption, mainly due to the
presence of building sections created in different periods and to the existence of different authorities
dedicated to its management. This problem, with the development of the project, turned out to be the most
difficult to face in order to achieve a proper collection and interpretation of data. Starting from a
bibliographical research, where energy measurements are mainly related to residential buildings rather than
public ones [16], it has been proposed to proceed on the basis of the building volumetric measures and
utilization time, presenting all the hypothesis developed to reach a reliable result in view of a carbon
footprint calculation.

INTRODUCTION

The threat carried by climate change and the related agreements signed to tackle it are increasing the
necessity to clarify which contributes are given by different activities to greenhouse gases emissions. The
measurement of these gases is required to be carried out in a consistent and continuous manner. It is also a
part of a wider inclination to measure and understand the environmental impact and resources consumption
extent of each actor in the economic system, since their reduction brings benefits to both the environment
and of general efficiency (Giama, Papadopoulos, 2016; Montoya-Torres et al., 2015; Tae-Woo et al., 2012;
O Gallachdir et al., 2007). Greenhouse gases emissions measurement has so far been addressed to two main
categories, products and organisations, through both individual initiatives and more extended projects, which
involve and coordinate a greater number of different actors. This kind of assessment has been named carbon
footprint, deriving partially the concept from the wider one of ecological footprint, which includes a bigger
set of environmental impacts (Pandey et at., 2011). In particular, organisations carbon footprint, less known
and used that the product one, is beginning to spread, thanks also to the gradual creation of measurement
standards communal to all the interested actors, which allows a uniformed application of this tool
(Raccomandazione della Commissione Europea, 2013). The Clim'Foot project, which the School of
Management and Economics (SME) of the University of Turin take part in, requires the calculation of the
organisation carbon footprint, having as final goal the increase of knowledge and diffusion about this tool
among both private and public institutions. Therefore the School had to identify what are its activities that
cause emissions, in order to build the inventory as required by the two main international standards
regulating the matter, the GHG Protocolo and ISO 14064-1(Pandey et al., 2011; Vasquez et al., 2015). The
process of carbon footprint quantification of an organisation is divided into three “scopes™ that distinguish
between direct and indirect emissions, depending if the source is internal or external to the organisation. The
difference among the scopes lies also in the compulsory nature of the measurement of the first and second
one, while the third scope is left optional, even if highly recommended due to the importance of the included
activities. In the first scope are included all the emissions sources owned or controlled by the organisation,
like boilers or vehicles, but in this specific case study the School does not possess any of them. The second
scope includes indirect emissions caused by the generation of the purchased energy, such as electricity or
heating, from third actors. The quantification of greenhouse gases emissions requires to multiply the energy
consumption with emission factors (Pandey et al., 2011; GHG Protocol, 2004) that represent the quantity (in
kg or tons) of carbon dioxide produced for every unit of energy consumed. It is then required to measure this
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consumption. This operation in the carbon footprint studies is usually accomplished using the information
provided by meters or energy bills, especially for electricity and heating (O Gallachéir et al.. 2007). In our
case study this method has not created problems when used to detect the electricity consumption but it has
not been possible to use it for the heating consumption because of the lack of data, due to some
circumstances explained further. Having to obtain in other ways an esteem of the building energy
consumption for heating, it has been observed how this result was reached in previous bibliographic
experiences, for carbon footprint calculations or other purposes. From the literature analysis it has emerged
that, being the air-conditioning consumption of buildings a significant percentage of the overall energy
consumption, at a national and international level (Zhu et al., 2015; Krawczyk, 2016 e 2014; Beusker et al.,
2012; Gram-Hanssen et al., 2011), the need to obtain the most precise measurement possible has already
risen. This measurement should be able to give information on the most responsible aspects on the creation
of the energy consumption, allowing thus to understand where it is more urgent and convenient to act for its
reduction (Dascalaki et al., 2011: Stefanovi¢ et al., 2016). From the analyzed material these measurements
focus mainly on residential buildings, while for the public ones the literature is less common (Krawczyk,
2014; Dascalaki et al., 2011; O Gallachoir et al., 2007). In both cases, literature studies can be distinguished
in various categories, mainly on the basis of the objectives they are meant to reach though this calculation.
Sometimes, in addition to the consumption quantification, they aim to explain which is the contribution
given by several elements to the final result (e.g. the building dimension and shape, insulation quality, the
existence and use of energy needing devices etc.), in order to understand what are the elements more
responsible of the total consumption (Beusker et al., 2012; Ma et al., 2016; Audenaert et al., 2011; Zhu et al.,
2015). Moreover often they concentrate on the difference between the share of consumption linked to the
buildings structural characteristics and on the other side the share determined by users practices (Gram-
Hannsen, 2011; Wang et al., 2015; Audenaert et al., 2011; Krawczyk, 2014). This requires the introduction
of a probabilistic component, made necessary by the inherent unpredictability of human behaviour (Wang et
al., 2015; Swan et al., 2009). In fact, unlike the more technical elements (e.g. the kind and quantity of
technology existing in the building and its efficiency), that can be difficult to measure with good precision
but do not include subjective aspects, individual choices regarding energy consumption can be influenced by
the presence of some aspects (age, income, working situation, consumption habits etc.) but at the same time
they can’t be separated from a certain measure of uncertainty due to the arbitrariness of human choice. This
uncertainty is reflected on the obtained results and, especially if the study observes a sample with the aim to
examine some reference population, it affects the possibility to extend them on the entire set of cases. This is
also influenced by the complexity of collecting good quality information regarding people’s habits, since
they can, for several reasons, give answers not perfectly corresponding to the truth or change their behaviour
when aware to be observed. These aspects are valid especially about residential dwellings, while they are
less common for public buildings where conducts are less dependent from discretional choices (Wang et al.,
2015). Another category that can be identified among the literature references taken into consideration to
learn about different methodologies of calculation, is the one where the authors aim to observe if there are
discrepancies between energy consumption measured with models built including various elements (the
same ones named previously, that contribute together to the creation of the total consumption), and the real
consumption (Krawczyk, 2016; Audenaert et al., 2011; Corgnati et al., 2008). This second category includes
also the works dedicated to analyze the issue of the potential energy savings that can be obtained with
buildings refurbishment operations. The increased interest about this theme followed the consideration that
expected economic and energy savings could be greater than the ones obtained after the modernization, thus
increasing return on investments time and cost-effectiveness of interventions (Krawczyk, 2014; Audenaert et
al., 2011). However, generally there is for all measurement experiences the building of a model that is meant
to be possibly the most representative of reality, and so it has to take into account the factors influencing
these consumes (e.g. in Corrado et al., 2007). The quantity and quality of the considered factors depends on
the available resources, since data gathering can require to use technical tools, wide samples to observe and
also time, that can be not so easily available. Nevertheless, models construction follows two main
approaches: top-down or bottom-up, which differ accordingly to the nature of input data used and the aim of
the works. In fact, while top-down models use mainly macroeconomic indicators and do not have the
necessary level of detail to make evaluation upon a single building, the bottom-up ones starts from a single
case characteristics (or a small number) and extend afterward the obtained results to a larger population
(Swan et al., 2009; Wang et al, 2015; Stefanovic et al., 2016). This method allows to reach a more detailed
result, that can be used to understand how different elements contributes to the final result and how this
consume can vary with the introduction of changes on the considered factors (e.g. refurbishment
interventions and technological modernization) but it implies at the same time, a greater difficulty in the data
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gathering process and in the availability of both financial and technical means. Usually the aforementioned
works used meters, environmental conditions sensors and other technological equipment, and all the
parameters describing the buildings structure and the characteristics of their location were considered.
Moreover in order to guarantee a greater reliability of results, observation and data collection are carried on
for a long time, at least a couple of years, which requires a certain stability of working and environmental
conditions and of the availability of means and documentation to complete the study (Krawczyk, 2016). As a
consequence direct measurements are carried on only for a limited number of buildings of the observed
sample and they are balanced with an additional and wider data collection through surveys, as for example in
the work of Wang et al. (2015) and in Beusker et al., (2012). In the vast majority of the observed cases the
energy consumption quantification realized with this kind of models and with this degree of detail was not
directed to the building of a carbon footprint. When previous experience of carbon footprint calculation in a
university organisation have been taken into account, two different classes of experience have been
identified, the gathering of data already registered and processed from services operators or power
companies (Vasquez et al., 2015; Fraczek et al., 2016; Filippin, 2000; Alvarez et al.,2014; Moerschbaechter
et al., 2010) and on the other side information collection done without involving other actors. These last
investigations can have different degrees of detail, there can be experiences as in Escobedo et al. (2014),
where three different audits have been realized taking into consideration every kind of energy end-use
equipment consumption and daily time of use, or they can be limited to the observation of values resulting
from meters situated in the internal environments or in the central control unity as in Ozawa-Meida et al.
(2011). Another example is given in Abdelalim et al. (2015), where the first goal of the study is to measure
energy consumption and this is done in a rather precise way, extending in a second moment the possibility to
use the results to obtain the correspondent greenhouse gases emissions. In the SME case study the
documentation needed to obtain energy consumption values straight away is not available, and the same goes
for the equipment that could provide them. The participation to the Clim’Foot project has as a purpose not
only to calculate a certain organisation climatic impact dimension, but also to identify what are the consumes
upon which it is more required an action. This means that the definition of a base level is needed, in order to
correlate the further improvements that can derive from the introduction of energy efficiency measures, and
then it has been necessary to obtain at least an esteem of consumes despite the consistent gaps found. In
addition it has been possible to understand what the present situation is regarding the management of heating
energy consumption, which is an essential element needed for the necessary correction in order to obtain a
better quality and more solid information in the future. The aim of this study is then to show how, in a
moment when the necessary data were lacking, it has finally been possible to build a consumption esteem
considering the several elements that constitutes the present situation.

MATERIALS AND METHODS

The Commodity Science section of the Department of Management (University of Turin) has decided, in
2016, to take part in the Clim'Foot project. which consists in measurements of the carbon footprint of some
organisations that, in various European countries, have been willing to participate. In this specific case the
School of Management and Economics, whose main building in the city of Turin hosts the Department of
Management and the Department of Social, Economic and Statistical Sciences, has been nominated. The
project includes a function of coordination and support to the participating organisations provided by
national agencies (in Italy ENEA) and the provisioning of a proper software for this kind of calculation.
Moreover one of the project’s purposes is the building of national databases of emissions factors and
guidelines created thanks to this experience, which will be useful to help this kind of initiatives in the future.
In the data collection process, the main obstacle met concerns the measurement of the building heating
energy consumption, and how its system is structured, being these the most relevant information usually
gathered in energy consumption studies (Desideri et al., 2002).

SME main building

The problem derives from the original function of the building. It was in fact a retirement home for poor
elderly people, built at the end of the 19th century and now occupied only in part by the SME. The building,
entirely brick made with a concrete inner structure, is constituted by a two floors section developed alongside
Corso Unione Sovietica, where the main entrance is situated, and of more three floors wings perpendicular to
it, of which only two are owned by the University. The remaining three are managed by separated
organisations with different functions, in particular part of the building is still dedicated to hospital handling.
The whole edifice is one of the biggest among the historic ones in the city, and it was realized in an efficient
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way for its original purpose, but it is not suitable now for the new necessity of educational spaces arose with
the moving of the university offices, which often required big classrooms and a better accessibility to the
building. The problem could hardly be solved with a complete change of the building original shape, given
its particular characteristics and the architectonic value, therefore the construction of a new structure was
preferred, separated from the main one and located in the yard between the two wings occupied by the
University. The historic building nevertheless has not been exempted from modifications. The northern
university wing has seen internal renovations, mainly to allow the presence of classrooms, and the creation
of an external additional body that extend its length. The more recent structure includes big and medium
dimension classrooms (424, 270 and 120 seats) and some smaller ones. There are in addition computer labs
and other areas dedicated to reception services or other functions needed in this kind of institutions (toilets,
bar, study rooms etc.). In the historic building wings there are the department employees offices, mainly in
the southern wing and in the superior floors of the other one, medium size classrooms, a bar, the students
administrative office and other general use spaces. In addition the building has a basement, partially
occupied by the library. The building includes then, as usually happens with educational structures, spaces
with various dimensions and with different functions depending on the activities proposed, with different
operating times and as a consequence different consumes. Moreover, having maintained the original
characteristics of the structure, the rooms especially in their height have notable sizes (the vault reach 6,5 m)
and then it is necessary to take into account volumes rather than surfaces when trying to measure energy
consumption and confronting them with other cases, situation that has already been experienced previously
in case of a conversion of historic buildings to current purposes (Desideri et al., 2002). The present situation
then sees the existence of various parts of the building realized in different periods and as a consequence
with dissimilarities in their structural and systemic characteristics.

The heating system

The heating in the building is provided through the city district heating. Hot water that allows the heating of
internal environments is transferred through a main pipe that branch off around the different wings. At the
dividing points there are sub-stations which allow to control the water supply to the wings independently
from one another. These substations however do not include consumption meters, then when consumption
has to be measured the building is considered on the whole without a distinction between the various
organisations occupying it. The University area is interested by three sub-stations, two of them are controlled
by a company linked to the University, the last one by Iren, the company who manages the energy supply
district network. As a consequence the way heating is supplied change among the building sections managed
by the different subjects, and so it has to be taken into account every section with its specific conditions
without the possibility to consider the university area in its whole. This area is conventionally divided in six
lots, three of them are linked to the sub-stations run by the University, the others are linked to the remaining
sub-station. The differences caused by the separated management of the sub-stations are for example given
by different running times of the heating system, both among different lots and in different periods of the
year, and are reflected also in the internal heating equipment. In fact, while in the wings where the system is
run by Iren the original radiators have been maintained, in the others they have been replaced with fan coil
units.

The University pays a bill of which amount is estimated and later subject to a periodic balance, deposited
with a frequency of more years. It is not possible then to know the total consumption using as a reference
source the energy bill. To sum up the situation, there are no meters specific for the University area heating
energy consumption nor energy bills with reliable indications and the building at the time being has no
energy performance certificate, so it is not possible to obtain useful data. Given this complex and inefficient
situation, the University has decided to independently install some meters used to measure the consumptions
in the building wings it owns, in order to obtain the needed information to evaluate them with precision. This
purpose however has been put into effect only for two of the three wings, where meters have been installed
in the sub-stations in January 2016, for the first wing which includes lots 7 and 7A, and in January 2017 for
the other one, which includes lot 6A. The only complete data now available is then the one regarding the
consumption of a wing in an only year, 2016, having to wait until the end of 2017 for an annual reading of
the other meter to be obtained.

The consumption measurement

The adopted solution has then required the use of the value resulted from the meter for the year 2016, which
has been used to calculate the consumption for unit of volume. The choice of considering volume instead of
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the surface has been made in order to take into account internal environments dimensions, that, as said
before, in height exceed standard measures. Once obtained the consumption per unit, this has been used to
calculate the total University area consumption, considering from time to time the different lots volumes.
This method then start from a value and obtains in a proportional way the values of a bigger area. The
procedure has already been applied in previous literature cases, for this same purpose or to make
comparisons with different buildings in other climatic regions or with different characteristics such as
activities time (Dascalaki et al., 2011; Escobedo et al., 2014; Corgnati et al., 2008; Beusker et al., 2012).
The choice to adopt this method has been imposed by the lack of possible short term alternatives. There was
in fact neither the possibility to obtain quickly the information from the companies who run the service, nor
the material and financial availability to use technical equipment specifically set up to detect energy
consumption. Moreover the use of this sort of tools requires an observation activity possibly for a long
period, which in most of the literature cases analyzed exceeded one year. In the present situation then it has
been preferred a method that even if it gives less accurate results, it allows to reach an acceptable
approximation of this particular energy consumption. Even in other situations where lacks of information
have been experienced the problem has been solved using medium data, adapted taking into account the
specific conditions of the observed case study (Chen et al., 2011; Escobedo et al., 2014). Also, it has to be
taken into consideration is that the aim of this study is not to understand what is the precise needs of energy
to heat the structure, but to measure its real consumption, that could also exceed the amount strictly required
given the building characteristics and the activities carried out. An example is given by the present situation
of the SME, as has already been said the building hosting it is rather old and consequently to allow the use of
its environments some refurbishment and security interventions have been necessary. These however have
not been concluded, and the superior floors in one of the wings are still closed. However they are heated, and
this results in an increase of consumption with no connection to a real exploitation of the space, that
distances real consumption from the strictly needed one. Given that the final aim is to link this consumptions
to the correspondent quote of greenhouse gases emissions in order to built a climatic footprint of the SME,
the creation of a model representing the theoretical energy needs, even if a thorough one, does not give the
result looked for to the purpose of this project.

RESULTS AND DISCUSSION

As explained in the previous paragraph, the method adopted uses the only consumption value available as
starting point to obtain the whole total. Some other aspects have to be considered in order to limit even more
the results reliability. Lots 7, 7A and 6A, correspondent respectively to one of the historic structure wings, its
more recent extension and the new wing, have settings and working hours different from lots 4, 5, 6,
correspondent to the second historic wing (lot 5) and to the branches (lots 4 and 6) connecting it to the rest of
the building.

% Google

Fig 1: The School of Managemet and Economics with its lots d the entrance hall (Google Earth 2017)

The winter heating period goes conventionally from the 15 of October to the 15 of April. Within this period
for what concerns lots 7, 7A and 6A two sub-periods can be identified, the first including December, January
and February and another including October, November, March and April. In the first sub-period the heating
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service runs every day for 24 hours, while in the second one it runs for twelve hours only in the five working
days to which are added seven hours on Saturday. As shown in the table, it has therefore been obtained the
total amount of hours of running heating in the winter period for this three lots.

Lots 7; 7A; 6A Period Hours Days Total days Total hours
December,
January, 24 7 919 2184
February
October,
November, 12 5 69 828
March, April
Saturday 7 13 91
TOTAL 3103

Table 1: total amount of hours for lots 7, 7A, 6A

In the same period the remaining lots did not have these differences in the working hours, so the functioning
has been kept unchanged for the 26 weeks, where heating is provided every day for 24 hours. However a first
approximation has been introduced here because of the existing difference between the working conditions
during daytime and nighttime. In fact, while during the day, for 18 hours (from 4 a.m. to 22) the heating is
set to provide an internal temperature of 20 degrees, during the remaining hours the temperature is lowered
to 17 degrees. This difference should have been considered because it reflects on consumptions but, after an
evaluation it has been decided to consider instead a full working regime (the daily one) for all the 24 hours.
The reason on which this decision is based is given by some considerations on previous experiences in other
university buildings, it has in fact been found that where they were not connected to district heating, and then
heating was provided by boilers, to distinguish between a daily and nightly consumptions did not bring the
desired results. This because the starting of the boilers in the morning and the work required to obtain the
daily temperature compensated the reduced consumption obtained thanks to a lower temperature during the
night, without having appreciable gainings. The SME is served by district heating so it does not own boilers,
but it has been believed that this principle could be considered true anyway because of the greater
temperature required to heat the system internal water in the morning. Therefore, ignoring this difference on
temperature, it has been considered a uniform functioning for 24 hours every day of the week, obtaining the
total amount of hours for lots 4, 5 and 6.

Lots Period Hours Days Total hours

4;5;6 26 weeks 24 7 4368
Table 2: Total amount of hours for lots 4, 5, 6

It has moreover to be said that the distinction between the full and reduced working regime does not only
concern the nightly heating in these three lots but also the entire summer period when the district heating
water is provided to the entire building to guarantee the domestic hot water and the running of fan coils post-
heating batteries. However these services are provided to the building but not to the university areas, because
post-heating batteries are not used, in order to save energy, and domestic hot water is provided using
separated boilers, so the only consumption to be considered is the winter heating one. The meter observed
includes lots 7 and 7A consumption, giving a yearly value for 2016 of 627.600 kWh. The two lots volume is
of 60.932 m’*, from which we can derive that the consumption for unit of volume is 10,30 kWh/m’. Taking
into account the total amount of hours we obtained the hourly consumption, used as base unity to obtain the
other lots consumption, taking into account their volumes and working times, as shown in the following
table. As can be seen the consumption for unit of volume and hour is the same for all the lots, and has then
be multiplied for the respective volume and hours of every lot.
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Total

Volume ; Consumption per mc Consumption per
Lots (el consumption (KWh/me) Hours me and hour
(kwh)

7-7A 60.931,50 627.600,00 10,30 3.103 0,0033
6A 54.667,80 563.083,29 3.103 0,0033
4 14.630,00 212.122,26 4.368 0,0033
5 21.210,00 307.526,53 4.368 0,0033
6 17.870,00  259.099,44 4.368 0,0033
entrance hall 6.000,00 86.994,78 4,368 0,0033

Table 3: Total heating consumption of every lot

From the sum of consumption of all the lots it has been obtained the total amount for the university area, of
2.056.426,29 kWh. One last approximation derived from this method is that the university area is formed by
a historic unit to which other parts have been added more recently. The difference in the building periods
reflects on the structure characteristics and then on energy consumptions. To use one single data as it has
been done here does not permit to take into account this aspect, because it does not consider differences
among lots. Actually the meter data concern two different lots, one located in the historic building and the
other in one of the more recent parts, so it can be considered an average between structural characteristics of
different areas. Nevertheless it is an approximation of the real situation, which hopefully will be solved when
the second meter will provide the consumption value for lot 6A, the most modern one and so where probably
consumption is more different from the other parts of the building.

CONCLUSIONS

Bibliographic research did not provide strong basis about the possibility to obtain useful data to estimate the
heating energy consumption of a building. This work had as aim then to show the complexity linked to the
measurement of a type of energy consumption, carried out during the implementation a project requiring the
quantification of the School of Management and Economics of the University of Turin carbon footprint. The
need to obtain from the little information available an estimate of total heating energy consumption has
required to use a method based on a single data possessed, provided by a meter that measures energy
consumption of only a part of the building. The problems met and the necessity to accept the existence of a
certain degree of approximation on the result achieved have helped to made clear the need to have a simpler
service management, able to guarantee an increased consumption efficiency. This is a fundamental step to
improve the building energy performance, especially if, as in the present case, it concerns historic buildings
where realizing significant modifications in order to obtain energy savings is difficult because this could
clash with the maintenance of the original architectonic aspect (Zagorskas et al., 2013).
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